INTRODUCTION {#sec1-1}
============

The incidence of adnexal masses during pregnancy can range between 1:81 and 1:8,000.\[[@ref1]\] Despite the fact that a great majority of the adnexal masses are diagnosed at the time of a first trimester ultrasound, it is estimated that over 1-2% of them will become symptomatic during the first trimester of pregnancy and they will develop complications that will require surgical treatment.\[[@ref2]\] The most common causes of ovarian masses during pregnancy include dermoid cyst, functional cysts, serous/mucinous cistoadenoma and endometrioma.\[[@ref3]\] Even though surgery has been traditionally performed by laparotomy, recently there has been a great debate about the role of laparoscopy in the management of adnexal masses in pregnancy.\[[@ref3]\] Despite the well-known advantages of minimally invasive surgery, caution with laparoscopic surgery has been suggested for both the mother and the foetus due to complications such as foetal loss, malformation and preterm birth\[[@ref4]\] These negative effects are attributed to the effects of a pneumoperitoneum and the potential foetal acidosis; possible injury to the gravid uterus by a Veress needle, trocar, or surgical instrument; and the possible injection of carbon dioxide (CO~2~) into the uterine cavity.\[[@ref5]\] However, there are no robust data published in the literature confirming these hypotheses. Therefore, the aim of this study was to evaluate the feasibility and safety of laparoscopic surgery for treating adnexal masses during the first trimester of pregnancy.

MATERIALS AND METHODS {#sec1-2}
=====================

This is an observational study of a prospective collection of data of all pregnant women who underwent laparoscopic surgery for adnexal masses during the first trimester of pregnancy between January 1999 and November 2012 at the Obstetrics and Gynecology Department of the Italian Hospital of Buenos Aires, Buenos Aires, Argentina. The study was approved by the Institutional Review Board of the hospital. All the patients signed a written informed consent form. The maternal age, gestational age at surgery, type of surgical procedure, length of surgery, surgical complications, pathology report, gestational age at birth and birth weight were extracted from the records. Surgery was indicated under emergency condition in case of uncontrollable pain and haemodynamic instability. Patients were also included in cases of persistent and painful adnexal mass at 12 weeks of gestation. All the patients underwent general anaesthesia with curarisation and endotracheal intubation. An open 10-mm umbilical laparoscopy technique with Hasson\'s trocar was performed with a maximum of three additional ports that were placed under direct vision. Abdominal insufflation with CO~2~ between 10 mm and 12 mm\[[@ref3]\] of mercury was used. Intraoperative capnography was used during the entire procedure\[[@ref3]\] and the patient was placed slowly and carefully in Trendelenburg position until the adnexa was visible. Free fluid/blood was initially aspirated and surgery was performed with monopolar and bipolar energy as in the non-pregnant patients. Finally, all the specimens were removed by using a laparoscopic endo-bad. Foetal ultrasound was performed before the procedure and before hospital discharge. Ketoprofen (initially intravenously and subsequently as a suppository) was used as an analgesic during the post-operative period. A volume of 600 mg of vaginal micronized progesterone was administered daily until 12 weeks of gestation. No prophylactic antibiotics and venous thromboembolism prophylaxis were administered.\[[@ref3]\] Women and newborns were followed up for 90 days after the delivery. Perioperative data were collected and a descriptive statistical analysis was done with the software SPSS 15.0 (SPSS Inc., Madrid, Community of Madrid, Spain). For the review of the literature, a MEDLINE search of all English language articles published between 1990 and 2014 containing the search terms 'pregnancy', 'first trimester', 'laparoscopy', 'adnexal mass' was performed.

RESULTS {#sec1-3}
=======

A total of 13 pregnant patients underwent laparoscopic surgery for complicated adnexal mass before 12 weeks of gestation \[[Table 1](#T1){ref-type="table"}\]. The median (range) gestational age at the moment of surgical procedure was 7 weeks (range: 5-12 weeks). The main indication of surgery was cyst torsion in four cases (30.7%) and rupture of ovarian cysts in four cases (30.7%). Other indications included persistent ovarian cyst in three patients (23%) and heterotopic pregnancy in two cases (15.3%). The median (range) surgical time was 50 min (range: 25-70 min). The details of the surgical procedures performed are depicted in [Table 1](#T1){ref-type="table"}. Cases 9 and 10 required oophorectomy due to haemorrhagic corpus luteum cyst by uncontrollable ovarian bleeding at the time of cystectomy. The median (range) hospitalization time was 27 h (range: 15-36 h). No significant problems were registered for patients under post-surgery prenatal care. All the mothers delivered a full-term, healthy newborns by vaginal delivery in eight cases and by caesarean section in the remaining five cases. No cases of intrauterine growth retardation, congenital defects, or significant neonatal complications were registered at 90 days after birth.
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DISCUSSION {#sec1-4}
==========

The present study shows that laparoscopic surgery for complicated adnexal masses performed during the first trimester of pregnancy was safe and feasible with no apparent adverse effect on the mother, and the pregnancy or perinatal outcomes were also normal.

Surgical procedures in pregnant women have devoted special attention as they are assumed to be potentially risky for the mother and the foetus. Thus, concerns regarding laparoscopy associated with foetal acidosis because of maternal conversion of CO~2~ to carbonic acid or possible injury to the gravid uterus by surgical instrument such as a Veress needle were initially described.\[[@ref5]\] However, studies have shown that even though there is maternal absorption of CO~2~ with diffusion across the placenta, it is rapidly removed by the hyperdynamic maternal circulation status. To date, there is no evidence to support any negative effect of CO~2~ pneumoperitoneum on neither the foetus nor the mother.\[[@ref6]\]

Several epidemiological studies,\[[@ref7][@ref8]\] compared the results of foetal-neonatal and maternal outcomes in women who underwent laparotomy versus laparoscopy during pregnancy. These studies have found no significant differences in post-operative complications or pregnancy outcomes between both routes of surgery.

In the absence of any acute complications of pregnancy, the second trimester is recommended as the safest time to perform the surgery.\[[@ref9]\] During this period, the spontaneous abortion rate is lower than that in the first trimester, the preterm delivery incidence is lower than that during the third trimester, the size of the uterus still allows the manipulation of the adnexa, the theoretical risk of teratogenesis is very low and functional ovarian cysts disappear spontaneously.\[[@ref9]\] However, some patients with complicated adnexal masses such as adnexal torsion or ovarian cyst rupture do require emergency surgery during the first trimester of pregnancy. To date, there are 12 case series reporting on a total of 144 pregnant women with adnexal masses treated by laparoscopy during the first trimester of pregnancy \[[Table 2](#T2){ref-type="table"}\]. In accordance with our case series, the reported surgical and post-surgical pregnancy complications rates are very low.\[[@ref10][@ref11][@ref12][@ref13][@ref14][@ref15][@ref16][@ref17][@ref18][@ref19][@ref20][@ref21]\] Soriano *et al*. reported the results of 93 surgical interventions in pregnant women with suspected adnexal masses; 39 of them were performed by laparoscopy during the first trimester of pregnancy.\[[@ref14]\] Within the group of laparoscopic procedures, the study reported cases of two newborns with congenital malformations, one with mild hypospadias and one with cleft lip. The incidence of those conditions was not different from that of procedures performed during the first and second trimester by laparotomy,\[[@ref14]\] nor different from the incidence of these conditions in the general population. A detailed summary of the main series reporting the laparoscopic management of adnexal masses during the first trimester of pregnancy is given in [Table 2](#T2){ref-type="table"}.
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Finally, main recommendations proposed for performing laparoscopic surgery include the following:\[[@ref9]\]

(a)Dorsal lithotomy position for surgery performed during the first trimester and a slight-left lateral position when performed during the second trimester to decrease compression on the vena cava.(b)The instrumentation on the cervix for uterine mobilization should be avoided.(c)Umbilical open mini-laparotomy is the preferred technique to avoid uterine damage. In cases of enlarged gravid uterus, a supraumbilical midline incision without using Veress needle should be performed.(d)The intra-abdominal pressure should be less than 12 mmHg to minimize the operative time, uterus manipulation and blood loss.

The main limitation of our study included the facts that the number of cases was small. It is, however, difficult to accumulate enough data to conduct a larger study since complicated cases of adnexal masses are rare in pregnant women and patients with this condition are managed conservatively if possible. A co-ordinated online international registration may be a good strategy for collecting data prospectively to assess the risk associated with laparoscopic surgery during pregnancy. The other limitation is the lack of proper information regarding the global and neuronal development of the newborns.

CONCLUSION {#sec1-5}
==========

Although the evidence on laparoscopy is neither robust nor based on randomised controlled trials, based on our results and the review of the literature, the treatment of complicated adnexal masses by laparoscopic surgery during the first trimester of pregnancy appears to be a safe procedure for the mother as well as for the foetus. It is important to highlight, however, a possible bias of publications since complicated cases might be unpublished. Specific considerations regarding surgical technique should be taken into account by the team in order to minimize complications.
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